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In order to determine the driving and controlling mechanisms which
predominate in the ionosphere, a series of contour maps were drawn
from IGY data taken at stations lying approximately along the seventy-
fifth meridian. An attempt was then made to interpret the anomalous
behavior of the Fg peak of the ionosphere in the vicinity of the geomagnetic
equator. If one assumes the existence of an equatorial electrojet and
further assumes that the magnetic field which is associated with this
electrojet is sufficient to perturb the earth's main magnetic field,
electrons may be deflected away from the geomagnetic equator, Further-
more, if the atmosphere tends to expand and contract diurnally, ions
and electrons may be deflected into regions at times which could account
for the nocturnal increase in electron density north and south of the
geomagnetic equator, Special emphasis is placed upon this nocturnal
increase in electron density, and when its seasonal variation is
investigated one finds that the phenomenon is greatest during and
around the months of equinox and least so during and around the months
of solstice, /42%95¢L~Q/
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Definition

Electron density in electrons per cm®
Permittivity of free space
Charge on an electron
Mass of a particle
Angular frequency of wave incident upon the ionosphere
Plasma resonance frequency

Spectral intensity of radiation incident at a certain
height in the ionosphere

Coefficient of absorption for spectral irradiation
Density of the atmosphere

Zenity angle of the sun

Height above the earth's surface

The region in the ionosphere which contains the highest
electron concentration

The "critical frequency" of the ionosphere, where any higher
frequency will penetrate through the ionosphere

Production rate for the generation of electrons

Rate at which electrons are lost from the ionosphere (for
the F, region the predominant loss mechanism is recombination)

Motion of electrons moving in the ionosphere from all causes
Force on a charged particle

Magnetic field

Velocity of a charged particle

Angle between direction of the particle velocity and the
magnetic field
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Definition
Larmor radius

component of velocity perpendicular to magnetic field lines of
force

Component of velocity parallel to magnetic field lines of
force

Area swept out by a particle circling about a line of force

Larmor frequency

Current resulting from a particle in motion

Kinetic energy associated with the normal velocity component jl

Drift velocity incurred by charged particles moving in a
magnetic field

Magnetic moment
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SUMMARY

A series of graphs indicates the geomagnetic anomalies as they appear
along approximately 80° W longitude. The first set depicts contours of
constant frequency of f,F,, the critical frequency at the F, peak, versus
latitude, 30°S to 30°N, and local standard time, 0000 hours to 2300 hours,
based on measurements at a series of IGY stations along this meridian
during the months of March, July, September, and December, respectively.
Since the reflected wave frequency is directly related to the square root
of the electron density by the physical equation,

2
N = 5{“—%— = 1.24 x 10%£2,

ne

where N is the electron density in electrons per cm®, €o is the permit-

tivity of free space, m is the electron mass, e is the electron charge,

w is the angular frequency of the wave, and f is the '"plasma resonance
frequency" in Mc/sec, then, the contours may be interpreted as contours

of constant electron density in order to illustrate more easily the geo-
magnetic anomalies, The electron density profiles exhibit both diurnal

and seasonal anomalies. The primary diurnal anomaly appears as an intensi-
fication of maximum electron density at approximately 20° south and north
of the geomagnetic equator between the hours of 2000 and 0000, LST. The
secondary anomaly is manifested in a late morning or early afternoon rever-
sal in the electron density gradient, ON/Ot, at the geomagnetic equator
during the spring, summer and fall months which forms a depression in the
ionosphere at approximately the geomagnetic equator. A comparison of the
sets of graphs shows the ionosphere to be much more active during the
months of the equinoxes than during the months of the solstices. The
second set shows contours of constant height of the critical frequency

of the F, layer versus latitude and local standard time. The height of



the critical frequency of the F, layer exhibits an anomalous behavior at
the geomagnetic equator during the early evening hours. An unusually
high altitude is found to exist for the F, peak at approximately 1800
hours to 2000 hours, LST.

The final set of graphs depicts contours of constant electron density
versus latitude and height for a typical hour for each of the months of
March, July, September, and December, These graphs show an anomalous
region of maximum electron density approximately twenty degrees north of
the geomagnetic equator,

The article presents a solution to these anomalies based on the
assumptions that (1) a geomagnetic ring current (electrojet) distorts
the magnetic field lines of force at the geomagnetic equator, and (2)
thermal expansion and contraction in the ionosphere produces a component
of velocity, Yl’ perpendicular to these lines of force.

Some measurements have already indicated the possible existence of
a current stream at the assumed position; however, many more refined
investigations are required in this region to determine the exact nature
of the perturbing current, and to validate the remaining assumptions.

SECTION I. INTRODUCTION

For many years the ionosphere has been under investigation to deter-
mine the driving and controlling mechanisms involved. 1Im this article
the author intends to suggest a solution to the geomagnetic anomaly by
assuming an interaction of two mechanisms. These two mechanisms are
(1) a hypothetical geomagnetic ring current, and (2) thermal expansion
and contraction of the ionosphere. By these mechanisms one may success-
fully explain the height and electron density profiles found in the equa-
torial region, within +30 degrees of the geomagnetic equator.

SECTION II, THE IONOSPHERE IN THEORY

In the ionosphere, electrons are produced predominantly by photo-
ionization of the neutral molecules or atoms present, When electrons
and ions are produced,a quantum of spectral intensity is lost. If we
let -dI represent this quantum of lost intensity and q represent the sub-
sequent number of electrons produced, then

- dI = q. (1)




The loss of intensity of spectral irradiation, -dI, at some height
Z, in the atmosphere is in turn dependent upon the prevailing conditions
at Z. The coefficient of absorption, o, as well as the density, p, of
the gas to be ionized must be taken into account. We also know that this
spectral intensity is diminished more as it passes through a correspond-
ingly thicker layer of atmosphere. As a result, we must consider the
zenith angle, X, of the sun. Therefore, if we have a spectral irradiation

of intensity, I, incident upon a layer of gas with an increment thickness,
dz, then

- dl = T1g¢ p sec X dz. (2)

With the foregoing relationships firmly entrenched in our minds, we

may now attempt to examine the reactions which should occur in the iono-
sphere and their subsequent results,

First, we assume that the earth is a sphere with a symmetrically
neutral gas envelope surrounding it, and the sun is a remote lamp which
turns on and off cyclically. This lamp provides certain components of
illumination which are capable of photoionizing our neutral gas envelope.
Now, if we examine the sphere and attempt to determine how electrons are
arranged over the sphere, we should find that the maximum electron density
increases as we approach the sub-solar point from any direction, We should
thus expect to find, at the equinox, for instance, the maximum electron
densities in the vicinity of the earth's equator at noon local standard
time.

If we now attempt to measure the height of the maximum electron
density, we find that even though the intensity of our radiation is
penetrating deeper into the atmosphere at the sub-solar point, attempt-
ing to lower the height of maximum electron density, the atmosphere also
tends to bulge at this point due to heating and counteracts this effort,
Therefore, the height of the maximum electron density should reach some
constant intermediate (low relative to the night height) altitude at
which it remains during the day.

Now, we will allow our earth model to spin about its axis, and
endeavor to determine the expected reaction along a longitudinal meridian,
We will also allow the model to be illuminated by the lamp constantly,

As the sphere rotates into the light source, the electron density
rapidly increases. The electron density is more predominant along the
line where X is always a minimum. At the same time, the height of maxi-
mum electron density moves closer in toward the earth, since the radiation
penetrates further into the denser atmosphere.



At some time after noon a time is reached where the production of
electrons is exactly equal to the loss of electrons by their recombina-
tion. Following this the electron density gradually begins to decrease
on into and through the night.

A third equation which is used to explain the ionospheric behavior
is the following well known equation of continuity,

%% =q - L - div (NVﬁ, (3

which states that the time rate of change of electron density, N, depends
upon the production of electrons, q, less the loss of electrons by (a)
recombination, L, and (b) by their motions, div (NVﬁ.

SECTION III, DISCUSSION OF PROBLEM
Figures 1-4 illustrate the contours of constant frequency or electron
density, since they are directly dependent, of the F, peak as determined
for a given meridian. Table I lists the stations used [2].

In general, the diurnal variation in electron density is easily
explained. In the morning ON/ot > 0, and the contours of electron
density are fairly closely spaced due to the application of irradiation,
and subsequent rapid increase of electrons due to photoionization.

After about 1000 hours LST, ON/Ot becomes less positive with only
a slight increase in electron density until approximately 1500 hours LST.
It is found, however, that at the geomagnetic equator the daytime maximum
electron density (Npgx) is less than on either side.

Obviously, q will not ordinarily decrease as the zenith angle of
the sun increases (since it is related to -dI in equation 1), and since
L is thought to be totally dependent upon N, the relatively low daytime
Nmax at the geomagnetic equator is considered to be an anomalous behavior.
The divergence term is of use in accounting for the gain or loss of elec-
trons in a region by means of their motion, and subsequently becomes very
important in this region.

As evening approaches, ON/3dt < 0, and the electron densities begin
to decrease because of the loss of ionizing radiation. It is immediately
noticeable that a maximum nocturnal buildup of electrons occurs north of
the geomagnetic equator at approximately 2200 hours LST followed by a
similar occurrence south of the equator approximately two hours later.
This behavior is not at all in keeping with the continuity equation and
is one of the main anomalies in the ionosphere.




The fact that the above mentioned anomaly is predominant during and
around the months of equinox, and is least observable during the months
of solstice,is easily explained when one considers that the ionizing
radiation is proportional to sec X (equation 1), and at the geomagnetic
equator the sun is more directly overhead in the months of the equinoxes.

Figures 5-8 are contours of height of maximum electron density

h (Nmax) s

After sunrise the altitude of maximum electron density becomes
lower as the lower and denser atmosphere is ionized. This height remains
essentially constant throughout the midday hours (from about 1000 hours
to about 1500 hours). As the sun approaches the horizon, the ionizing
irradiation decreases, since it must penetrate more atmosphere to reach
this point. The major height anomaly occurs in the approximate location
of the geomagnetic equator. An extremely high altitude for (Nmax) at the
geomagnetic equator occurs shortly after sunset. This anomaly appears
to be the most predominant in the winter, and least so in the summer.
Almost immediately upon reaching a maximum the height begins to decrease,
and the height anomaly disappears in about two hours.

During the remainder of the night the heights are reasonably steady
from hour to hour, although they are higher than the daytime steady state.

Figures 9-12 were constructed using data obtained from the stations
listed in Table II [17-19]. Essentially they represent a vertical cross
section of Figures 5-8 using contours of electron density in electrons/em®.

The main drawback of maps of this kind is that only one particular
hour for one month may be illustrated per graph. 1In order to avoid an
avalanche of graphs, only one hour of one day for each month in the
northern hemisphere for the four months (March, July, September, and
December) is shown.

The contours of equal electron density at once reveal that the
maximum electron densities lie on the positive slope of height as one
nears the geomagnetic equator from the north.

The seasonal maximum electron density continues to occur in the
months of the equinox; however, the winter Ny,, is noticeably greater
than that of summer. Since the magnetic equator in this longitude lies
south of the geodetic equator, one might expect the seasonal change to
be less apparent in the winter.

Thus, we have examined the two major parameters, Npax and h(Nmax),
of electron density profiles from a diurnal and a seasonal point of view.



SECTION IV, ELECTRONS IN A MAGNETIC FIELD

An electron moving in the presence of a magnetic field will undergo
a force due to the magnetic field provided its motion is not parallel to
the field lines of force. The magnitude of this force, F, is the familiar
equation

F = Bev sin 0 4)

where B is the magnetic fieéld, e is the charge of the electron; v is

the velocity with which the electron is moving, and & is the angle
between B and v. The force will be perpendicular to the plane made by
the velocity components of the electron and the magnetic field direction
at this point (Sketch 1).

Sketch 1

From elementary physics one understands that such a force as
described in the preceding paragraph directs the electron in a circular
orbit. The component of the velocity perpendicular to the lines of
force (vl? causes the particle to orbit with a Larmor radius (a) derived

from
a=— (5)

where m is the mass of the particle (electron). The angular velocity,
or Larmor frequency (f;) is determined by

£ = - : (6)




The component of velocity parallel to the maghetic field (v”) is
not affected by the lines of force of the field. Therefore, v” will

continue to act in the direction parallel to the field lines. Now, the
particles are trapped by the velocity normal to the lines of force, and
move with the parallel component of velocity v“, as in Sketch 2,

If we assume a mechanism which will perturb the existing field, as

in Sketch 2, the motion of the particle naturally evolves. Since v may
be rather small, the component v” should cause the particle to move

slowly along the magnetic field lines.

A
AL A A =2

Sketch 2

The spiral motion of a charged particle results in a magnetic
moment whose magnitude is dependent upon the area and the current.

Since the current i = efy/2x, and the area A = na®, the magnetic
moment, M, is

— A3 = 2 _
M=Ai=1/2 efL a 1/2 e?i a, )

or from equation (4)

- E
M=1/2 = =3 (8)

where E is the kinetic energy of the particle normal to the magnetic
field.



Assuming a relatively large flux of charged particles exist, the
magnetic field may be altered to a considerable extent due to the
resultant magnetic moment. If at a certain point in the upper atmosphere
conditions are such that a great number of atoms are ionized, one may
imagine how they may be entrapped. At the geomagnetic equator the
particles could be trapped by the earth's magnetic field as they undergo
vertical diffusion. Since these particles are assumed to move only up
or down, then v” = 0, because B is normal to v at this point.

The particles will undergo a force, because of the dipole moment M

7 -

= MV B) (9)

which will result in a drift velocity

-_

—)_ 1 - 10
Vd—-;B-g(Fx B). (10)

Knowing that the geomagnetic field gradient is directed toward the
earth, and B is directed north, this results in a westward ring current.

SECTION V. PRESENTATION OF THEORY

Figure 1 illustrates the problem as depicted by a series of stations
along a geodetic meridian. The diurnal electron density maximum is less
at the magnetic equator than on either side. From equation 3, the
ionospheric continuity equation,

%=q-L-div o),

one may immediately speculate that neither q, the rate of production of
electrons, nor L, the loss rate of electrons, should be markedly different
at the equator than at a relatively short distance on either side. There-
fore, the remaining term, div (NV), must account for the anomaly,

Now assume that a ring current or electrojet is set up at the 200
to 400-km altitude over the geomagnetic equator. Further, assume that
the current system is not affected by any vertical drift of the
surrounding atmosphere. This places the electrojet within the ionosphere.
If the normal magnetic field of the earth By is enhanced by the field
produced by the ring current, B;, the greater field produced may be




or using Ampere's law to calculate Bj,

. 39 AO
B=38 +Eﬂf X av
e 45 ¥

-
where o is defined as the permeability of free space, J is the current

density carried along in the incremental volume dV, and the distance
from the point being considered to the element volume dV is denoted by
y with the sense %°.

In the morning, as the sun rises, the application of photon radia-
tion to the atmosphere quickly begins to ionize the gas within this
region. The expansion of the atmosphere is a slightly slower process,
but when the atmosphere does begin to expand,the ions which have been
formed are reluctant to enter into the regions of higher magnetic
intensity set up by the ring current. Since the atmosphere must expand,
the ions and electrons tend to slide around the lines of force of the
ring current. As a result the regions on either side of the ring current
are more heavily ionized than the equatorial region where the ring current
lies,

By examining a series of contour maps, such as that of Figure 1, one
immediately notices that the diurnal variation is more marked in the
summer than in the winter. If one assumes that the seasonal variation
may be caused by the intemsity of the ring current flowing at the geo-
magnetic equator, and that this ring current is enhanced by the zenith
angle of the sun, one may see why this difference in variation is so.

If the ring current is maintained by a similar ionizing process which
affects the ionosphere, it may be seen how the ring current would be
enhanced through a process such as found in equation (1). That is, we
might say that

T o dI.

At the geographic meridian along which our stations are located, the
geomagnetic equator lies considerably south of the geodetic equator.

If it is further assumed that this low altitude ring current perturbs
the ionosphere in general, one may logically conclude that the closer
the zenith of the sun is to the geomagnetic equator the more active the
ionosphere will be. It is obvious that since the geomagnetic equator
lies south of the geodetic equator, the sun's zenith will be much closer
to the geomagnetic equator during the winter solstice than during the



summer solstice. Further, since - at this longitude - the ring current
is always in the southern hemisphere, one could expect the southern
hemisphere to be less seasonably variable., The graphs substantiate this.

As evening approaches, the photon ionizing radiation diminishes
since it must penetrate a much thicker layer of atmosphere. As the
atmosphere contracts, the ions and electrons once again exhibit a
reluctance to enter the regions of higher magnetic flux and tend to
deflect north and south of the geomagnetic equator. The ions formed
nearer the geomagnetic equator may be trapped within the higher magnetic
field formed there. Thus, in the continuity equation the divergence term
is probably small. In the evening, the production rate q is also small

and so the ionosphere should be dominated primarily by the loss rate
term

ON

St ~ L.

In this instance, electrons are lost to the ionosphere mainly by recom-
bination:

M++e—>M.

Since the recombination rate is proportioned to the square of the
electron density, the loss rate term may be put into the form

L = oN2,

where (¢ is the appropriate recombination coefficient.

The recombination coefficient is affected to a great extent by

the proximity of an electron to a positive ion. Within the restricting
region of the high magnetic field, this distance between an electron

and an ion is relatively small. As a result, electrons are lost to the
ionosphere rapidly within this region. One will notice that, at this
time, the maximum electron content (Nmax) at the geomagnetic equator is
very much less tnan in the surrounding regions (Figure 1) and occurs at

a much higher altitude (Figure 5). This effect quickly dissipates as

the atmosphere continues to undergo contraction, and the regions north
and south of the geomagnetic equator increase in electron density due

to the influx of electrons from the equatorial region. At the geomagnetic
equator, the electrons rapidly descend as the atmosphere contracts. As a

10




result of this, the nocturnal buildup of electron density occurs on
either side of the geomagnetic equator. The resulting high densities
thus lag the height contours of Nj,, at the geomagnetic equator.

SECTION VI, LIMITATIONS OF THEORY

It is at once apparent that the main objection to the theory just
presented is the presence of a ring current to enhance the magnetic
field at an altitude of 200 to 400 km, since we know that no ring cur-
rent has actually been determined at a given altitude by satellite
investigations. Nevertheless, we must not neglect the important fact
that a lack of such data is not conclusive, since many experimental
observations have indicated the existence of such a current.

The second question which one would probably ask concerns the lag-
ging of the southern nocturnal buildup of electrons behind the northern.
The only solution which is immediately apparent is the possibility that
the rapid recombination which takes place in the northern region creates
a thermal convection trend so that ions begin flowing to the southern
region rather than the northern.

It would seem that many important conclusions could be drawm, if
some direct measurements were made in these regions: (1) The value of
Te (the electron thermal kinetic energy) should be determined within
the northern and southern regions of nocturnal buildup and compared
with the normal daytime Tg; (2) some simultaneous direct probe measure-
ments at the geomagnetic equator would be extremely interesting; and
(3) finally, we should attempt to determine the most prevalent ion in
these regions at these times. The resulting data should enable us to
reach a more definite solution to the geomagnetic anomalies.

11



TABLE I

STATIONS USED IN THE CONSTRUCTION OF FIG. 1-8

(Ref. 2)
STATION LATITUDE - LONGITUDE
Bogota 4°32'N 74°15'W
Cape Canaveral 28°24'N 80°36'W
Chiclayo 6°48'S 79°49'w
La Paz 16°29's 68°03'W
Talara 4%3415 81%15'w
Puerto Rico 18°30 'N 67°10'W
Tucuman 26053'8 65023'W
Ushuaia 54°48's 68°19'w
TABLE II

STATIONS USED IN THE CONSTRUCTION OF FIG. 9-12

(Ref. 17-19)
STATION LATITUDE LONGITUDE
Washington, D. C. 38.7°N 77.0°W
Panama 9.4°N 79.9°wW
Talara 4, OOS 81. 5OW
Huancayo 12.0% 75.3°W

12
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